This researchconducted to evaluate the relationship between status of total and available Cr,Cd, Ni and Pb and physiochemical properties of different agricultural soils of El-Minia Governorate, Egypt. To realize this goal, combined twenty one surface soil samples (30-cm depth) signifying the main soil great groups of El-Minia Governorate were collected and tested for different soil properties in relation toheavy metals status of soil.Positive and negative high significant correlations were found between total and available soil contents of all studied heavy elements and soil physiochemical properties.Statistical analyses show that, total and available Cr, Cd, Ni and Pb are positively high significant correlated with CEC cmol c kg -1 , OM %, WHC%, silt % and clay % but negatively significant correlated with sand % and soil reaction (pH). The total and available Cr, Cd, Ni and Pb were positively but not significantly correlated with the soil property of EC (dSm -1 ), while negatively but not significantly correlated with CaCO 3 %, indicating difficulty of predicting the availability of these heavy metals from these soil properties. Concentrations of total and available Cr, Ni, Cd and Pb in the cultivated soilscollected from Nile West and Nile East were less than the critical values for plant growth. However, concentrations of Cr, Ni, Cd and Pb in cultivated soils collected from the Nile Valley surpassed the critical values for plant growth in general. Attentions should be alarmed to prevent the continuous accumulation of these metals in agricultural soils by anthropogenic activities and agricultural management, which may lastlyinitiate the soil pollution at a toxic level. In the future, using such agricultural soils for cultivation of edible crops may give rise to chronic health risks to human if not managed properly.
INTRODUCTION
In agricultural soils, the occurrence of heavy metals is of growing concern since they have the potential to be accumulated, transferred into soil solution and subsequently deteriorate the soil, crop and groundwater quality. The food crops constitute an important source of human oral exposure to metals (Zheng et al., 2013) , and as a result careful monitoring of metal levels in agricultural soils is of great importance for protecting its quality and ensuring future sustainability (Kelepertzis, 2014) . The natural concentrations of heavy metals in these soils tend to remain low depending on the geological parent material composition (Shan et al., 2013) .
On the other hand, anthropogenicinputs in agricultural soils that contribute to an increase of the contentof some toxic heavy metals have reported including wastewater irrigation (Liu et al., 2006) , petrochemical activities (Li et al., 2009) and theexcessive usage of fertilizers and manures (Lu et al., 2012) . Although fertilizers are essentialfor providing adequate nutrients and ensuring successful harvests,long-term repeated application of fertilizers and metalcontainingpesticides can progressively add potential harmfullevels in soils (Jiao et al., 2012) .
In Egypt, the heavy metal status of agricultural soils must be widely investigated because of the growing contamination problems accompanying the rapid urban and peri-urban growth and the establishment of new industrial zones. In addition, in order to meet the growing need for food, agricultural soils forced to achieve maximum efficiency and highest quality product. Therefore, farmers intensively, irrigate soil, combat pests, and fertilize soil to make more capable soils. Excessive fertilization and mindless intensive irrigation with polluted water resulted in soil salinity, heavy metal accumulation, and as a consequence soil pollution.
Soils under intensive irrigated cropping systems normally experience heavy metals pollution and changes of chemical, physical, and biological properties at an extent that varies in accordance with the quality and quantity of applied water and fertilizers and land uses of these soils. These heavy metals absorption by plants is regulated by soil physiochemical properties such as soil pH, cationexchange capacity, temperature, soil ions, organic matter content of the soil, texture, metal concentration and type of plants species (Liu, et al., 2006) . Therefore, the knowledge on total variability and availability status of heavy metals in agricultural soils in relation to soil physiochemical properties are critical to sidestep phytotoxicity.Therefore,the main aim of this research is to associate the total and available status of heavy metals in relation to soil physicochemical properties in top soil samples of agricultural soils dominant in some Districts of El-Minia Governorate.
MATERIALS AND METHODS
Twenty one combinedsoil samples (0-30 cm depth) were dug at three different locations in seven districts to represent agriculturalsoilsdominant in ElMinia Governorate for soil analyses.Soil samples were collected from the surface horizons of ten hectare area for each agricultural soil (Nile West soil, Nile East soil, Nile Valley soil) distributed over each district of ElMinia Governorate. In addition, a soil pit was dug at each location in order to notice and describe the external morphological profile characteristics of the soil.
Soils were collected in harmony with the Manual Soil Map of Egypt Information (Egyptian Academy of Scientific Research and Technology, 1982) . The area under examination lies between latitudes 27˚35'N and 28˚45'N and longitudes 30˚35'E and 30˚55'E, within El Minia Province, northern Upper Egypt (Map 1). The geographical coordinates of these locations were determined using a Garmin global positioning system (GPS The soil samples were air-dried, gradually crushed, passed through a 2-mm sieve. Selected soil physiochemical properties relevant to control the total and bioavailability of heavy metals were analyzed (table 1a and 1b) according to the standard routine methods derived from Page (1994) .
Analyses of total heavy metals content (Cr, Ni, Cd and Pb) in the soil samples per mg kg-1 were determined by digestion in boiling aqua regia prepared in accordance with ISO 11466 (1995) . Available cations (Cr, Ni, Cd and Pb) were determined in the samples by 0.005 M DTPA solution buffered at pH 7.3 (Lindsay and Norvell, 1978) . Both total and available heavy metals were measured by Electro-thermal Atomic Absorption Spectrometry. Simple linear correlation analysis was done to show the relationship between total and available trace metals and other soil physiochemical properties.
RESULTS

Characteristicsof Soil Samples.
Soils investigated in the current study exhibited a wide range ofphysical and chemical properties as reported in Table (1a and 1b) . The results of this study indicated that the textural grades of all soil samples from Nile East desert were sand, Nile Westdesert were sandy loam and Nile valley were heavy clay. These components are importantadsorption media for heavy metals in soils. The clay soilretains high amount of metals when matched to sandysoil (Olaniya and Chude, 2010) .
The results of this study indicated that all the soil samples from agricultural Nile East desert, Nile Westdesert and Nile valley were above neutral to alkaline in soil reaction. The pH of these soils varied from 7.51 to 8.67 with mean values of 8.56 in Nile East soils, 8.08 in Nile West soils and 7.54 in Nile Valley soils.The availabilityof heavy metalstends to decrease as pH increases (Mckenzie, 2003; Sherene, 2010) . The exact mechanismsresponsible for reducing availability differ for each nutrientbut may include; formation of low solubility compounds,greater retention by soil colloids and conversionof soluble forms to ions that plant cannot absorb.Neverthelessat pH values above 7, some heavy metals tend to form hydroxy-complexes which will increase the solubility of the metal in question.
Quartzipsamments (Epqt) soils.
Torrifluvents (Eftt) soils. Torriorthents (Eott) soils. (1993) revealed that the lessened adsorption capacityof soils with respect to heavy metals due to the highconcentration of salts could increase the availability of contaminantsto plants.
The organic matter content of soils was varied from 0.79 to 1.53% with an average value of 1.05% in Nile East, 0.23 to 0.45% with an average value of 0.34% in Nile West and 1.47 to 2.64% with an average value of 2.13% in Nile Valley soils. It indicates that these soils were very low to moderate in organic matter content. The moderate content of organic matterin Nile Valley soils might be due to addition of organic matter through recent water deposited sediments mainly in Nile flood plains, representing those fertile soils of arid climates.
Organic matter is important for the retention of metals by soil solids, thus decreasing mobility and bioavailability. However because of the complexation of metals by soluble OM, the addition of OM can result in release of metals from solids to the soil solution (Sherene, 2010) .Higher solubility of heavy metals in soil solution atalkaline pH was attributed to enhanced formation of organicmatter metal complexes after ionization of weak acid groups (Temminghoffet al., 1998) .
Soil reaction (pH) is of prime important in controllingthe availability of heavy/trace metals, since it affects directlytheir solubility as well as activity in the soil environment (Diattaet al., 2014) .On the other hand, in organic soils the availability and fate of heavy metalsshould be strongly controlled by organic carbon content.
Calcium Tisdale et al.,(2003) stated that micronutrients have positive relation with the fine mineral fractions like clay and silt while negative relations with coarser sand particles. This is because their high retention of moisture induces the diffusion of these elements (Tisdale et al., 2003) .
Status of Total and Available Heavy Metals:
Data in Table 2 show the total and available Cr, Ni, Cd, and Pb contents in the investigated soils. Concentrations of Cr, Ni, Cd, and Pbwere significantly different among different locations of the investigatedagricultural soils. The highest concentrationstotal or available of Cr, Ni, Cd, and Pb mg kg -1 , wereconstantlyobserved in agricultural soils of Nile Valleyentrapped by congested towns and irrigated bydrainage water from Almoheet drain,and alongsidethe agricultural highway in El-Minia governorate, while the lowest levels weredetected in agricultural soils collected from Nile West soils due to their high content of sand which is very poor in its elements content.
Zakiet al., (2015) reported that soils irrigated by surface and groundwater are polluted by some heavy metals. These heavy metals may be caused by leaching from the anthropogenic activities (i.e., El Moheet drain and its branches, where they receive wastewater from the factories of Abo-Qurqas Sugar and Maghagha Onion industries, as well as agricultural and urban wastewater). Table 2 shows that the total maximum Cr, Ni, Cd and Pb contents in the Nile Valley soils investigated were equal to 146.77, 211.46, 11.48and 174.29 mg kg -1 , respectively. The total levels of heavy metalsapart from chromium (Table 3) in all the investigated Nile Valley soils were above the typicalbackground concentrations cited in the literature (Hasan, 2007; Yobouetet al., 2010) . Table 3 indicates these soils were heavily polluted with Cd and Ni metals that are part of the most dangerous industrial and municipal waste.This wide range of heavy metals content in the Nile Valley soils is apparently associated with soil texture and might be due to metals deposited sediments in Nile flood plains and continuous addition of fertilizers and manures, which is in a good agreement with El-Saadaniet al., (1987) . Table ( 2) show that the values of chemically available (DTPA-extractable) heavy metals contents in the soils investigated ranges between 0.86 and 11.86 mg kg -1 for chromium, 0.04 and 2.39mg kg -1 for nickel, 0.03 and 0.92 mg kg -1 for cadmium and 0.012 and 1.88 mg kg -1 for lead. The highest values of available metals were found in the soil samples that represent the soil of Nile Valley, while the lowest ones belongs to the coarse-textured desert sandy soils of Nile East and West.
It is worthy to note that soils of the Nile Valley contained amounts of total and available heavy metals exceeding the critical limits for plant growth. These soils are characterized by their high content of clay and fairly low content of CaCO 3 . Therefore, the results obtained in this study revealed that the average mean values of total and available heavy metals were in high range for the safe production of crop plants and might pose phytotoxicity in the future. Generally, the wide range of total and available heavy metals in the studied soils can be attributed to the differences in the anthropogenic activities, quality of irrigation water, soil type and nature of soil materials. Heavy Metals in connection with Soil Physiochemical Properties.
The drive of this research was to monitor heavy metals status in agricultural soils prevailing in El-Minia Governorate, as related to soil physio-chemical properties. Results of the correlation analyses between total and available heavy metals and soil properties are presented in Table4. The results revealed that heavy metal contentsarelargely dependent on soil structure, soil reaction (pH), organic matter content and cation exchange capacity of soils. Generally, soils having high pH, clay content, CaCO 3 and cation exchange capacity (CEC) retained more heavy metals. Soil organic matter metal-complexes and soluble organic compounds can increase the solubility of heavy metals and consequently its availability in soils (Srivastava and Gupta, 1996) . Statistical analyses show that, total and available Cr, Cd, Ni and Pbare positively high significant correlated with CEC cmol c kg -1 , OM %, WHC%, silt % and clay % but negatively significantcorrelated with sand % and soil reaction (pH) ( Figures, 1 and 2) .Factors affecting the availability of micronutrients are parent material, soil reaction, soil texture, and soil organic matter (Brady and Weil, 2002) .These findings are in accordance with the results of Ragabet al., (2007) .Factors affecting the availability of micronutrients are parent material, soil reaction, soil texture, and soil organic matter (Brady and Weil, 2002) .
The total and available Cr, Cd, Ni and Pb were positively but not significantly correlated with the soil property of EC (dSm -1 ), while negativelybut not significantly correlated with CaCO 3 %, indicating difficulty of predicting the availability of theseheavy metals from these soil properties. The presence of high calcium carbonate content, withmoderate contents of organic matter and percentages of clay and consequently high CEC in most soil samples may suggest that trace metals could be retained in these soils, as these properties increase the adsorption capacity of metals by calcareous soils.This was in agreement with Kparmwanget al., (2000) on sandstone and shale soils in Benue valley, Nigeria. 
DISCUSSIONS
The governorate of El-Minia is densely populated alongside the constricted strip of the Nile Valley and is the center of the local sugar and onion industries in Upper Egypt. Huge untreated quantities of urban and industrial wastewater are discharged directly into drainage and irrigation canals which contribute to heavy metals augmentation in the cultivated soils through irrigation. Cultivated soils being entrapped by towns and irrigated with polluted water might be the direct route for the higher concentration observed heavy metals in the investigated soils.
Higher amounts of Cr, Cd, Ni and Pb identified in agricultural soils from Nile Valley may be ascribed to high anthropogenic activities and concentrations of urbanization at these locations. Lower concentrations of Cr, Cd, Ni and Pb identified in agricultural soils from Nile west desert may be due to high sand content, low industrialization and limited anthropogenic activities at these locations. These results are in agreement with AlNaggarel al. (2014) . Concentrations of Cr, Cd, Ni and Pb in agricultural soils detected during this research were greater than those conveyed by Nassefet al., (2006) . These variations might be related to different anthropogenic activities and agricultural management practices at each site. It is conceivable that environmental pollution with metals differs from area to area as the application of fertilizers and other human activities vary at each site (Zhouet al., 1994) .
Zakiet al., (2015) stated that soils irrigated by River Nile water contaminated with Mn at El Biadia village (Malawi city) refers to domestic activities, while soils irrigated by El Moheet drain water contaminated with B, Fe, Cu, Zn, Mn, Pb, Cd, Cr and Se at Malawi city, Abo Qorkas city, El Minia city, Samalut city; and Maghagha city. They also reported that soils irrigated with groundwater are polluted by some heavy metals (B, Fe and Cu) and all soils irrigated with drainage water exceeded the permissible level due to recharged of domestic and industrial effluents in El-Minia Governorate-Egypt.
Application of excessive fertilizers and pesticides are another source of heavy metals pollution in agricultural soils from El-Minia governorate. High levels of heavy metals were noticed in agricultural soil from locations adjacent to highway roads indicating that vehicular emission was the source of pollution (Mmolawa, et al., 2011) . Many authors recommended that soils should be sheltered from excessive inputs of heavy metals by fixing maximum acceptable levels of these metals in soils, corresponding to the amounts which will not cause any risk for crop flop or water pollution and human health.
CONCLUSIONS
These research results indicated that irrigated agricultural soils of El-Minia governorate-Egypt contain considerable amounts of Cr, Cd, Ni and Pb in comparison with literature results. Heavy metalcontaminated soils in the investigated area are mainly affected by the anthropogenic activities, polluted irrigation water and fertilizers and soil parent materials. In brief, consuming edible crops grown on such heavy metal-contaminated soils in the Nile Valley may bring about chronic health risks for human. Moreover, concentrations of these toxic elements detected in this research might be a potential contamination source of these metals in the future in the agricultural soils of Nile East and West locations if not managed properly.
